To solve noises affecting the performance of laser communication system problems, this paper studies mathematical model in atmospheric attenuation condition, sets up atmospheric attenuation coefficient of the primary factor aerosol (haze) according to the absorbing and scattering characteristics of the atmosphere, gives output SNR(Signal to Noise Ratio) models under atmosphere attenuation based on photoelectric conversion of laser communication system, analyses the relation between atmospheric attenuation coefficient and radius of haze under different visibility. Through calculation and analysis, the results show that size distribution of haze is the main factor which influences the performance of system. The models can effectively assess the performance of laser communication system under atmospheric attenuation, and provide a reference for relevant researches.
INTRODUCTION
Due to the unique properties of laser, it has been widely used in the field of laser distance measurement, laser-guided and laser radar. Compared with the usual millimeter-wave radar and wireless radar, laser radar has its own advantages like high positioning accuracy, fighting ability and covert penetration ability, can overcome difficulties beyond the wireless radar and millimeter-wave radar. However, atmosphere penetrability of laser is poor because of the short wavelength, and the influences of atmospheric on signals are very strong, thus, the performance of laser radar system is highly sensitive to the weather condition. Therefore, in the process of long distance transmission, laser signals will be affected by space loss, atmospheric attenuation, atmospheric turbulence, background radiation and other factors, which can leads to greater bit error rate in communication links (Ricklin, Hammel and Eataon, 2006; Majumdar, 2005) . Coupled with the worsening haze in recent years, using real time measurement of atmospheric parameters to assess system performance becomes an urgent and meaningful question. Achievements have been made in this field, Andrews (Mahdieh and Pournoury, 2010, Ferdinandov, Pachedjieva and Bonev, 2007) and others derive some simulation models, but there are large deviations between theoretical and measured values. Based on atmospheric attenuation models, this paper establishes a laser radar system, puts emphasized on the influences of size distribution of haze on laser communication, and sets up SNR models in atmospheric attenuation condition.
PRINCIPLE OF LASER TRANSMISSION UNDER ATMOSPHERIC ATTENUATION CHANNEL
Two kinds of effects will be produced when laser passing through atmosphere, which are atmospheric attenuation effect and atmospheric turbulence effect. For atmospheric attenuation, the atmospheric compositions can have an absorption effect and scattering effect on optical waves, which causes attenuation of laser energy. For atmospheric turbulence, turbulence movement of atmosphere makes atmospheric refraction rate bounce ups and downs randomly, as well as strength and phase of optical waves in time and space, which causes energy loss. Laser communication system is typically made of transmitter and receiver subsystems, laser system, ATP system (acquisition, tracking and pointing system) and other auxiliary systems. The laser radar communication system contains transmitting terminal and receiving terminal. The distance between transmitting terminal and receiving terminal is 1-3km. For this laser communication system, atmospheric attenuation effect and atmospheric turbulence effect also exist, this paper puts emphasis on atmospheric attenuation.
SNR MODEL UNDER ATMOSPHERIC ATTENUATION CHANNEL

The Absorption and Scattering Characteristics of the Atmosphere
When laser pass through the atmosphere, the absorption and scattering of atmospheric molecules and aerosol particles can cause laser energy loss. In this section, this paper simply considers the atmospheric attenuation. Atmospheric attenuation coefficient  can be expressed by formula (1). 
Studies show that atmosphere molecular absorption is secondary in atmosphere attenuation, because different wavelengths of beam have different transmission rates in atmosphere, in addition, there are lots of "communication windows" whose transmission rate are closely 100%, thus, for laser communications system design, as long as the selected work wavelengths are in these communication windows, energy attenuation caused by atmosphere absorption 1 A can be ignored. Riley scattering coefficient is inversely proportional to the wavelength four times, in near infrared band, the coefficient is very small, so gas molecules scattering 1 S can also be ignored [Li, 2015] . For aerosols (the main component is smog), its absorption to laser energy is very small, so, 2 A is negligible. In summary, the main attenuation of the lower atmosphere is only Mie for horizontal transmission laser, 2 S   . In recent years, haze-fog has a negative impact on life increasingly, thus, the involved studies are important than ever.
Many kinds of clouds has a lot to do with the area, according to the actual conditions, many scholars summarize many different size distribution models and attenuation coefficient empirical formulas of cloud droplet size, the most useful is the following generalized gamma distribution.
In equation (2), a is the total number of cloud particles, b,  and
is the international unity of the Gamma distribution, some of these parameters are as follows. (Ferdinandov, Pachedjieva and Bonev, 2007) .
In advection fog and radiation fog conditions, size distribution models of fogs are in (8) N is substituted into the equation (10), and then we can obtain the specific expression of single scattering attenuation A in atmosphere full of haze particles [Li,2016] . According to the above analysis, the main atmospheric attenuation coefficient  can be obtained by formula (12).
Haze particle is a part of atmosphere, therefore, it is the realm of aerosol. Aerosol characteristics are often closely related to the water content in the atmosphere. Usually, when the relative humidity is greater than about 35% (Wang, Hu and Zhang, 2011), aerosol can absorb moisture and grow; when the relative humidity is greater than 60%-70%, the aerosol absorption of water vapor is even more pronounced. It makes not only the size of particle increases, but also its composition changes because of the adsorption of water. Laser scattering properties of wet aerosol changes as supposed to the dry aerosol particles.
SNR model in laser radar system
The received power (M. Uysal, J. Li, 2004) of the receiving terminal can be gain by formula (13).
In (14),  is the angle of divergence, is the variance of background current noise. Assume the four noises are independent, so can be expressed by equation (16). The output signal to noise ratio of detector can be calculated by formula (17) . 
EXPERIMENTAL AND CALCULATION ANALYSIS IN ATMOSPHERIC ATTENUATION CHANNEL
In order to have specific study, laser Gaussian beam is used as a laser, this paper establishes signal to noise ratio models taking atmospheric attenuation into account. In order to obtain atmospheric parameters, we use free space optical communication system to set up its testing model.
The receiving co-system contains the receiving telescope, a light filter, an adjustable attenuation sheet, APD photo diode, high-speed A/D card and data processing unit. Communication data is loaded on laser emitted by signal light via the modulator, then emits out by optical antenna. At the receiving terminal, laser signals are focused on photoelectric detection device by optical receiving antenna. After conversion, amplifying and filtering and threshold detection, communication data will be restored. After passing through the atmospheric transmission, information that carried on laser will be received by the Gaussian grain telescope at the receiving terminal. After the received telescope focusing on signal light, firstly, it passes through the narrow band filters with the central wavelength of 670nm, then the adjustable attenuation sheet, eventually into the APD detectors. Light signals will be converted into electrical signals by APD detectors for time domain data, and the output current from APD detectors can be approximately seen as random variables by a Gaussian distribution (Ferdinandov, Pachedjieva and Bonev, 2007) . The measured data then conduct storage and statistical analysis in computer by a high-speed A/D input array set sampling card. After statistical analysis by software on the computer to detection data, the mean and variance of signal current can be obtained. So we can obtain atmospheric attenuation coefficient, flash index and other parameters.
In atmospheric attenuation channel, according to the Mie scattering theory and formula (10), we can obtain the relation between atmospheric attenuation coefficient and the radius of haze particle and visibility. Through theoretical analysis above, we use four-order polynomial fitting (Chen, Yang and Jiang, 2009 ) to simplify the attenuation coefficient calculation method of haze particles. Fig.2 shows the changing curve of the atmospheric attenuation coefficient under different wavelengths and different visibility. In Fig.3 , when the relative humidity stays the same, SNR increases along with the reduction of the wavelength. For the same wavelength the greater the relative humidity it is, the higher the signal to noise ratio of the system becomes. But when the relative humidity is high, the increment of SNR in detection system is not large with the reduction of wavelength; relative humidity is an important factor affecting the signal to noise ratio of the system. Radiation fog (the mainland is mainly dominated by radiation fog due to lack of water vapor ) attenuation changes a lot along with the water content , in the event of fog, laser signal will produce attenuation in the process of transmission, would seriously limit application of laser communication in atmosphere.
CONCLUSIONS
Based on principle of laser radar communication system and basic requirements of remote optical communication, this paper studies laser radar communication methods under atmospheric attenuation condition, establishes SNR model in terms of optical communication, analyzes the relation between SNR and transmission distance under different atmospheric attenuation coefficients. Through experimental verification, atmospheric attenuation is the main reason causing system performance fluctuation. The theoretical model and calculation method in this paper can improve the stability and reliability of laser transmission effectively, provide a theoretical basis for improving performance of remote laser radar system.
